Studying the visuo-spatial working memory: An MEG/EEG experiment 
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1 Introduction 

Neuroimaging studies on visuo-spatial delayed- 
response task in humans have consistently found 
robust activation of parietal and frontal cortices (1, 
2). Although parieto-frontal networks have been 
clearly demonstrated as being the neural substrate of 
spatial working memory, temporal dynamics of 
visuo-spatial encoding process are not accurately 
known. MEG and EEG techniques, with high 
temporal resolution, allow tracking the temporal 
dynamics of cognitive processes. Since the 
amplitude of P3 component of the event-related 
potentials (ERPs), with a latency ranging from 300 
to 700 ms after stimulus onset, is usually increased 
during the presentation of infrequent stimuli in 
“oddball paradigm”, it has been suggested that P3 
might reflect "an updating process of representations 
in working memory” (3). However, this point of 
view is controversial. Other studies suggest that P3 
is not related to encoding of information in short¬ 
term memory (4). This component could be an 
indicator of perceptual processing time, and, thus, 
might reflect the “closure of a perceptual epoch” (4). 
Thus, the question remains open to related event- 
related magnetic fields (ERFs) or ERPs component 
to the process of encoding in short-term memory. 
The purpose of the present study was to analyze the 
temporal dynamics of parieto-frontal networks 
involved in a simple visuo-spatial delayed-response 
task, by using MEG, EEG and fMRI techniques. 

2 Methods 

2.1 Subjects 

Ten right-handed healthy volunteers (four females 
and six males, 21 to 38 years) were included in this 
study, approved by the French Ethical Committee on 
Human Research. 

2.2 Tasks 

The task consisted in determining whether two dots 
presented in the periphery of an eight-ray wheel 
were symmetrical or not regarding to a central 
fixation cross. The dots were presented either 


simultaneously or successively with a three seconds 
delay. There were three conditions. The "DOUBLE" 
condition, in which the dots were presented 
simultaneously and subjects had to respond 
immediately. In the “OPEN” condition, the first dot 
was displayed and subjects had to memorize the dot 
position for three seconds. In the “CLOSE” 
condition, the second dot was flashed and subjects 
had to judge if the second dot position and the 
memorized position of the first dot were 
symmetrical or not. Dots were displayed during 150 
ms and the inter-stimulus interval was three seconds. 
In the three conditions, subjects responded with their 
right hand on a keyboard, containing three buttons 
corresponding with symmetric, non-symmetric and 
waiting (in the “OPEN” condition). 

2.3 Recording procedure 

2.3.1 MEG 

MEG signals were recorded over the entire head in a 
magnetically shielded room, using the 151 channels 
whole-cortex (CTF system). The signals were 
recorded continuously with a sampling frequency of 
525 Hz and were filtered with a bandpass from 1 to 
18 Hz. For the three conditions, the averaging epoch 
extended from 200 ms prior to the stimulus onset to 
2500 ms therafter. Epochs contaminated by eye 
blinks were rejected. Root mean square (RMS) of 
amplitude was calculated over two bilateral groups 
of sensors, occipito-parietal and frontal, within four 
time windows centered around the four main ERFs 
components observed, i.e. 120-220 ms, 220-280 ms, 
280-350 ms and 350-550 ms intervals. 

2.3.2 EEG 

EEG signals were recorded from 64 electrodes at 
standard EEG sites with respect to an ear-linked 
reference (rate sample per channel: 550 Hz, 
bandpass: 0,16 to 16 Hz) .Trials containing ocular or 
EEG artifacts, and incorrect responses, were 
excluded from further analysis. The average of EEG 
signals was time-locked to stimulus, from 200 ms 
prior to the stimulus to 2500 ms after. RMS of 
amplitude was calculated over three bilateral groups 
of electrodes, occipital, parietal and frontal, within 



three time windows, centered around the three main 
ERPs components, i.e. 120-240 ms, 260-400 ms and 
400-700 ms. 

2.3.3 Magnetic Resonance Imaging (MRI) 

High resolution volume inversion-recuperation fast 
spoiled gradient recalled echo structural imaging 
(IR-FSPGR) were acquired for each subject on a 1.5 
Tesla Signa MRI scanner (General Electrics, with 
TR=10 ms, TE=2.1 ms, TI 400 ms, flip angle 10°, 
field of view = 24 cm, matrix = 256x256, slice 
thickness =1.5 mm). 

2.3.4 Functional MRI (fMRI) 

Functional blocked-trial images were acquired using 
an interleaved gradient echo, echo planar scanning 
sequence (20 axial contiguous slices, 6 mm thick, TR 
= 3 000 ms, TE = 60 ms, flip angle = 90°; field of 
view = 24 cm, matrix = 64x64, 100 repetitions per 
time series). Each time series began with a 30 sec 
fixation task without stimulus presentation (control 
task), followed by a 30 sec visuo-spatial task (stimuli 
were presented every 3 sec), either in “DOUBLE” 
condition, or in “OPEN+CLOSE” condition. 

2.4 Statistical analyses 

Analyses of variance with repeated measures 
(ANOVA) were performed to compare the mean 
amplitudes of the RMS functions related to each 
experimental condition. ANOVAs were made 
separately, in each hemsiphere, for each time 
window centered around the main MEG and EEG 
components. The main factors were condition (three 
levels) and sensor (position of sensor group, two 
levels) for analysis of MEG data, and condition and 
electrode (position of electrode group, three levels) 
for EEG data. P < 0.05 was considered to be 
significant. 

2.5 Source modeling from MEG data 

Localization of equivalent current dipoles (ECD) 
was performed using the DipoleFit CTF software, 
with a two dipoles model. We used a spherical head 
model, whose parameters were fitted on MRI’s 
subjects. Spatio-temporal fits were performed for the 
four main ERFs components. fMRI data were used 
to select more likely inverse solutions among the 
possible ones (dipoles close to fMRI foci), but not 
for constraining the MEG solution. 

3 Results 

3.1 Main components in MEG and EEG 

Four ERFs components were observed in MEG: Ml 
(around 170 ms), M2 (around 240 ms), M3 (around 
300 ms) and M4 (around 450 ms) (figure 1). The 


magnetic fields maps underlined a propagation of 
activity from occipital to dorsal parieto-frontal 
cortex. 



Figure 1: Individual averaged MEG signals depicted 
in the three conditions. 

At the time of the M4 component, the map revealed 
an increased activation over parietal and mainly over 
right frontal sensors. We observed two ERPs 
components: a first negative component N1 (around 
150 ms) and the P3 component dissociated in two 
subcomponents P3a (around 300 ms) and P3b 
(around 500 ms, at the time of the M4 component), 
(figure 2). 



Figure 2: Individual averaged EEG signals elicited 
in the three conditions. 


3.2 Early components (before 350/400 ms) 

ERFs components: Analyses of variance with 
repeated measures performed on Ml, M2 and M3 
components (120-350 ms) did not point out 
statistically significant differences between the 
conditions. 

ERPs components: No statistically significant 
difference between the conditions was observed for 
























the N1 component (120-240 ms), in both 
hemispheres. The P3a (260-400 ms) was 
significantly larger in the “CLOSE” condition over 
all electrodes and in both hemispheres (right hem: 
F=8.65, p<0.01; left hem: F=7.85, p<0.01) (fig. 2). 

3.3 Late components: 350/400-700 ms 

ERFs components: The M4 was significantly larger 
in the “OPEN” condition, only in the right 
hemisphere (F=4.75, p<0.01) (figure 1). The post- 
hoc one way analysis of variance performed 
separately over right occipito-parietal and frontal 
sensors revealed a significant difference between 
conditions only over the right frontal group (F=3.35, 
p<0.05). In the left hemisphere, there was no 
significant difference between conditions (F=0.58, 
p>0.05). 

ERPs components: The P3b showed bilaterally a 
smaller amplitude over all electrodes in the “OPEN” 
condition (right hem: F=16.22, pO.OOOl; left hem: 
18.82, pO.OOOl) (figure 2). 

3.4 Magnetic source modeling and relation 
with fMRI data 

In the three conditions, ECD have been localized 
successively in the occipital region, during the 120- 
200 ms interval (Ml), and in the parietal cortex 
between 220-350 ms (M2, M3) (figure 4). The 
dipolar locations in the late 350-550 ms window 
were different according to the conditions. In the 
“OPEN” condition, we found dipoles in both dorsal 
parietal and premotor cortices (M4) (figure 4). The 
most active dipole was located in the right premotor 
cortex. By contrast, the highest activation in the 
“DOUBLE” and “CLOSE” conditions involved the 
parietal cortex. The spatial locations of ECD were 
consistent with fMRI foci, obtained in the same 
cognitive task. Thus, MEG revealed a co-activation 
between the parietal and frontal cortices in the 350- 
550 ms time interval, in the “OPEN” condition. 

4 Discussion 

4.1 Early Components 

Perceptive analysis of visuo-spatial stimuli: 

The N1 and Ml components reflect mainly 
processing of visual features of stimuli, required in 
the three conditions and involving the occipital 
cortex. Regarding to the parietal location of dipole, 
the M2 component seems to reflect the recruitment 
of the dorsal parietal cortex by the process of stimuli 
localization in space. This component was only 
observed in MEG. The absence of distortion of 
magnetic fields recorded on surface scalp, contrary 
to electrical fields, allows to record very focal brain 


activities and to dissociate two close generators of 
activity, like occipital and parietal generators. 
Match/mismatch process: We can suggest that the 
increase of amplitude of P3a in the “CLOSE” 
condition was rather related to a match/mismatch 
process between the expected position and the real 
position of the second dot than to a real retrieval 
process. This difference between the conditions was 
not observed for the M3 component (280-350 ms). 



Figure 4: Parietofrontal networks involved in the 
“OPEN” condition, defined by magnetic source 
modeling (top) and fMRI (bottom). 

4.2 Late components 

Encoding process: The ERF M4 component, evoked 
between 350 and 550 ms, was significantly increased 
in the “OPEN” condition, when subjects had to 
memorize for a brief time (3 sec) the position of the 
first dot. Consequently, it can be suggested that the 
M4 component reflects mainly the encoding process 
of a visuo-spatial information in short-term memory. 
The difference of amplitude between conditions in 
the 350-550 ms time interval was statistically 
significant only over frontal sensors. Source 
modeling indicated that the dorsal parietal cortex 
was activated in the three conditions. However, 
during the encoding of dot position (“OPEN” 
condition), there was an extension of activation in 
the right precentral region; more accurately in the 
intersection of superior precentral sulcus and 
superior frontal sulcus (figure 4). Thus, the encoding 
of dot location in short-term memory would be 
underlined by a sustained neuronal activity, reflected 
by the co-activation between the dorsal parietal 
cortex and the premotor area. The right premotor 
activity could not be due to the motor requirement, 
since the subject responded with their right hand in 
the three conditions. The analysis of MEG data, 
showing that visuo-spatial processing involved 
mainly the right hemisphere, especially during the 
spatial encoding, are consistent with earlier studies 
on spatial working memory using PET, fMRI and 




MEG investigations (1, 2). The premotor activity 
revealed in our delayed-response task supports 
previous studies on spatial and verbal working 
memory (1). Most of the studies found a dorsolateral 
prefrontal activation during performance of working 
memory tasks (1,2). However, these studies typically 
employed more complex stimuli and/or required 
higher attentional demands during the used tasks. 
The simplicity of our task might explain why we just 
observed an enhanced activation in the precentral 
cortex, but not in the prefrontal cortex. 

Spatial decision process: In EEG, the amplitude of 
the P3b component, elicited in the 400-700 ms time 
interval, in the “DOUBLE” and “CLOSE” 
conditions, was larger than those of the P3b observed 
in the “OPEN” condition. The "DOUBLE” and 
"CLOSE” conditions involved in part the same 
cognitive process consisting in making a decision on 
the relative position of the two dots. We so observed 
an effect on the P3b dependent on a spatial decision 
process. The P3b do not reflect the encoding process 
in short-term memory, but rather the spatial decision 
process. This result confirms those of previous 
ERPs studies, in which the authors concluded that 
the “P3 is not an important ERP feature related to 
spatial location encoding and retaining in memory” 
(5, 6). 

4.3 Difference between MEG and EEG 

An “OPEN” condition effect was observed on the 
ERF M4 component (350-550 ms) and the ERP P3b 
component (400-700 ms), but in opposite directions: 
the M4 was larger, while the P3b was smaller in this 
condition, which required the encoding of the dot 
position. This fact can be explained by a difference 
in sensitivity of MEG and EEG techniques to the 
radial and tangential orientations of sources. 
According to previous results obtained in single cell 
recordings in monkeys performing a visuo-spatial 
delayed-response task (7), we can propose the 
following hypothesis to explain our results. Both 
tonic and phasic processes could be involved in the 
premotor region. The phasic activity would be due to 
a neural population located mostly in the caudal part 
of the precentral sulcus, and would be more visible 
in EEG since the orientation of neural columns are 
radial. The neural population generating the tonic 
activity would be mainly distributed in the rostral 
part of the precentral sulcus, forming a tangential 
source that contributes more to the MEG signal than 
to the EEG signal. The amplitude increase of the M4 
observed during the encoding ("OPEN" condition) 
could be due to a stronger activity in the rostral 
neural population, while the decreased of the P3b 


during the same cognitive process would reflect a 
smaller activity in the caudal part of the precentral 
sulcus. The differential sensitivity to radial and 
tangential sources could as well explain why the P3a 
was increased in the "CLOSE" condition, and not the 
M3. The match/mismatch process would generate a 
strong transient activity in neural populations mainly 
oriented radially to the skull, and would contribute to 
increase transiently the EEG signal. Because of its 
radial orientation, this source of activity would not 
be visible in MEG. 

In conclusion, it might be suggested that it is 
probably owing to the tangential orientation of the 
tonic neural population in the premotor cortex that 
MEG underline a specific ERF component, the M4, 
reflecting the encoding in spatial short-term memory. 
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